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Abstract

Silica in primary system combines with an alkali grammatical particle metal and forms the
zeolite layer which is hindering the heat transfer on the surface of the cladding. Zeolite layer
becomes the cause of the damage in this way. The problems of the NPP’s primary system
have been issued steadily by EPRI. Through a series of experiments of the laboratory scale,
we confirmed the applicability of NF membrane for silica removal, as silica rejection rate of
NF membrane is about 60 ~ 70% and boron rejection rate is about 10 ~ 20%. We
accomplished a site experiment about four NF membranes manufactured by FilmTec and
Osmonics Inc. In experiment using 400L of SFP water, when operation pressure is 10kgy/cm?,
we confirmed that the silica rejection rate of NF90-2540 manufactured by FilmTec Inc. is
about 98%, boron rejection rate is about 43%. The silica rejection rate of NF270-2540 is about
389, boron rejection rate is about 3.5%. Afterward, through additional experiments, such as
long term characteristic experiments, we are going to design a optimum NF membrane system

for silica removal.
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A} ol2d YA 1A AEW deste FAMEL EPRI A Fol 2 FAHo] &3] A7
Hol gton ol EAMES MAFy] Hstd HEe FTAHE o)&F1A sl WA Ag4A
TR A¥E T8 NFete] Aelgl AAEe] &F 60 ~ 70%, Boron A&l &F 10 ~ 20%=2 1
AL 715A4E FUsH ey, FimTec® Osmonics AF NFEF A E 4Fd didle x4 AYPL +
PetArk R AEFAE ARG BAF 40LE AE2 F PN ALY 10kgs/em’o A
FilmTec AF&l NF90-2540¢] H &7t AlA&o] ¢ 98%, Boron A&l &F 43%=2 FHAH UL
EFHNF270-25400] A7t A A&o] ok 38%, Boron A A-&o] ¢ 35%Z HAHUTE o] & wiere
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AHEFAdE AZYL 2 AFSY FFS Y8 BE Y2 (Boraflex) AP =9 AFAL o
2 A3 AL AR Fo] Utd. 2@ 1987d EPRIE “AI45 AR A% oA e He ol
E E3 4% ¥7HAn Assessment of Borated Material Performance in Spent Fuel Storage
Racks)’& %3 421 €739 Boraflex AZHNA 6712 &£ A5 A 39} Boraflex panell
Tears$} Gapel 243t &< FUsth £ EPRI 1M NP-6159 "Alg4¥8ds A% 9
W Boraflex 4% %7HAn Assessment of Boraflex Performance in Spent-Nuclear-Fuel Storage
Racks)’ol A 13A Bl destes & 1u%e SHZAAAN 4] EFE(Ca, Mg, Al 3)F
A5t dAAETEA ] GAGE Baste 74 E(Zeolite)S A5, T2 FE(Hot spot)el
% dAGE HEA &4 9ol F& wHEHAT oo wet g7 A 1 AFH A
& AAR7) 98 RO ¥y AX §& ol&3o fivh. 2=y EPRI 1A TR-103300 °
Guidelines for Boraflex Use in Spent-Fuel Storage Racks” & Boraflex& AM&-3le o8 44
* Boraflex AH-4 Fol, 5719 47l =& ZAA1717] 98] G4F Ay & o &3t AL
A7t g5 s&ase] d " A AsE AT 5 YL FIHAY. weA
Boraflex A4 &3 AZYS 43t YAl M = Boraflex A 22 AFAL Hestrt &
252 &+ Boral A3 59 2 HFYeg uAF F M7 AA Hug stEord day
3, SR Lo] HNOsA £3, aA FALY s E dAFe] WL ROY FH 2L B
ofd Yool FH AUt Boraflex2HE €29 4al7lE SFP(Spent Fuel Pool)el M neutron
fluxE ZA37] 98 A-45+ Boric acid(=2,300ppm)7t @48 &3 Eg ozt weks SFP
dx ANE AASE FAL Boric aciddl A AE7E Beste TR0l & 5 ded, €A
Boric acid2% 8 Ag71E Edste T3 29 3183 AL Xl o8 715 FHo] A&
4 Qlth, 28y 883 239 7A$ pHel @el Boron® Sig) 33d Fert @AY Sz
zol2 8 EE877t 4A @ £F ol 1F X % Yy SFPY pH £ (pH <5)
oA A gte] WF o] M=y} wol I EeErt 4R ¥

228ty ¥ FAHU H2e FAHY AL HEd A2TAH FAMsE AHE S oA
g A7 Bopol Wo) ol&¥m om, UF(Ultra Filtration, 9 3)et ¥4 o433 H&7l A
A FA AL B%olAY Si0 AA EA&E Yelie Rez u#A Utk E=F Cellulose
acetate hollow fiber RO(Reverse Osmosis, S45)% 49 B4 <o 95%0]49 A7 AAL
3} oF 309%9 Boron AAELEL Ve, Polyamide RO membrane®) 7-$9l& ¢ 97% o]4te] 4
g7t AALH o 60% Boron AAEE Yehle ez I A A maM & drdas
£ 7]& ROFAY v oy SAwEd gt FHAAYN 59 FAPE AFE + 3
9 28 FRE A5 SFPUY) Si0E AAsRA st

2. 439734 R ¥y

B dFe) AMgE A8 729 u A3 AxE Spectrum laboratories Inc.ol A AE® UFH#}

FilmTec. @ Osmotik Inc.ell4 AZ¥ NFHS Algslglon, 92 AHA, 34 S22 745

o]z glth Table 12 AFH F29 Hgo] ALE o Ak 2 A¥9221& Yz o

UFe 3o 2188 Agst &/ &9 A 2L Sodium metasilicate(5 3 A1 ¢h) o2 o 2LE A=
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9o, NFY 489 Z4$E HBOi(5FA P} Sodium metasilicatE o€ 3t SiO; 10ppm
9 Boron 2,000ppm¢%! £ 4E& Azde AEZ AMESHT B4 AlEE sampled] AHE= &4
AlZ Iz gEzdedA % FXy dAHFE F 308 AEE AFsULH, S0 EHe
ASTM D859¢] wa} UV-Spectrophotometer(HEWLETT PACKARD 8453)E o¢]-£3ld B34
t}. Borong] £4& ICP-AES(LEEMAN Labh., Inc, LEEMAN PS 1000)& o] &3 gt}

Table 1. UFe 2 NFHe 54 ¢ £4x3

UF%} NF=}
g5 54 2 &d=d g5 54 2 &AdzxA
Manufacturer Spectrum Lab. Maker FilmTec 2 Osmotik
MWCO 10KD Surface Area 0.5m?
Module Type Hollow fiber Module Type Spiral Wound
Surface Area 245cm? FAAE of 2 ~ 5 kgy/em®
RG] 1kgf/cm® LAF 650cc/min(FilmTec), 750cc/min(Osmotik)
Si0z 27]F % 10ppm Si0; 2715 % 10ppm
_Boron 2.000ppm
27|EE

AP R AYEFAE WP o]Fol AF Al ALE NFE A2 E 29 ot

Table 2. g 4898 NFZ A%

aE al NF-2540 NF90-2540 | NF270-2540 | HL-2540TF
Manufacturer FilmTec Inc. | FilmTec Inc. | FilmTec Inc. | Osmonics
Surface Area (m’) 26 26 26 26
Recovery(%6) 15 15 15 15
Product water(gpd)” - 600 850 860
Flow Rate(L/hr)" - 946 134 -
Solute passage(%) - 5~15% 40~60" -
Membrane Type Polyamide Thin-Film Composite
Max. Operating Pressure (psi) 600 600 600 600
pH Range 2~11 2~11 2~11 1~ 10
Max. Feed Flow (m%hr) 14 14 14 -

%) Permeate flow and salt rejection based on the following test conditions :
1) 2,000ppm MgS04, 70psi(0.5MPa), 25T, and recovery as indicated below.
2) 2,000ppm NaCl, 70psi(0.5MPa), 25C, and recovery as indicated below.
3) 500ppm CaCl2 70psi(0.5MPa), 25C, and 15% recovery.
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[12]

8% 4%l 89 ARE SFP water o 400LE PE Tankel A#sted 7GHLE o §a1o] o
©2 Fs3on, Table 3& A Y SFP waters] 4 A%< Yehn k.

Tabel 3. @ SFP water®] +2# 3

3 = 49 71 & A e Bl g 5 @9 71 &R 4
pH - 47 Ca ppb < 100 5
Boron ppm = 2,300 2,391 Al ppb < 100 4
Cl ppb < 150 9 Mg ppb < 100 4
Total )
F ppb < 150 8 o uCi/cc 3.36x10
Activity
At ppm - 13.65

% 494 NFo FA)c NFY Frame? SKIDE Eostd #2374 2 ¢4 52 3asq
o} Fig. 1& @34 4¥4 NF 2339 PLDE e glon, Table 4= @7 ¥4 NFH
A ¢xzAL Yz 3.

am
Fig 1. % 4¥% NF 939 P&ID
Table 4. 87 484 NF% AX 9 3=
3 = R IEXi] o 3
A}g g NFe 4% Table 2
LAY kef/cm®) 4, 6,8, 10 zt NFholl 2§

F 4 =(L/hr) 650
& A A ZHmin) 30min/Z ¢

Y AgolM NEE 74 AL 2N 308 AARe] B Fo ARHIU2H, st
¢} Boron®] ¥4& A¥4d 7R 483 FIE WA A& o]FolMTh
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3. 4943 4 n3

SFPY A AAE A8 AAe o B FHL WRAY) s UFHH NFHE o) abel 4
4 F29 49 F9ssch Fig 28 UFSY 427 AA 542 vehia o
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UFeHE o] &% A7 AA A2 UFY AXe Sdx7)d oF 17%9] 47t AALEE 23
ou EHAe] Fbgtel wek oF 10%HAE MM AALe] ZAde BAFE HERAUT o
e 23 UFSS ol 88t o= 33 d5F9 Si A dAE o 5% o144 AAT #d=xA 2
o= oS ga2d 1 ofE WMEA FA He: iR AFHsE gy 848 Sdz
2le) pH7F Yo, Si BE7F Eo} Colloidal 48|78} gFe] mfj$ £7] Wi Aoz wogn
% B dgoM ZAR SFPUe Agste vx=d FA H4Fe Sion A obde Silicic
acid(HsSiOp) & Bl ol 7] wi&<l 2o g &4 & 4 vk

NFeHE ol &g A7t AAe B34 E& 2A37] 3 Osmotik ¥ Filmtec AtellA A =g NF
B AES ol 83t HEy AA 4EE FYsd 2 AAE Fig 3, 49 EAG
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Fig 3914 Filmtec At¢] NF = AE& 2kg/em’e] $A%E o)A 500871219 £AANT Tk o
60% W9 delgt AAES Yt 2, Borond o 10%9] AAES vehich

@3 Osmotik Ale] NFE A F & 53U 2AAM & 70% Weie HEs AAETH F 15%9)
Boron AAEE VeI $19 A847E AWRY y[£9 RO FA4d vl Helst AAE
29oF 20 ~ 30% AE WX Boron AAE FA 20 ~ 40% = RonZ Borond FEE
2300ppmAEE 4 YASA HA ok st SFPY FAEXMHA ROY FAd v 3 Boron &%
WY o] Hg FAoz ool SFPUe] At AAE AF NFIE o83 83 AFq
23t

A3 49L& SFPIIA A 400L AEE U2 FilmtecAt®] NFZ A F 3% F Osmonics
A9l = AF 1F 02 olFojF 1} Fig 5, 62 2 ZFE el glch Fig 5914 Yeld AAH
Age] ALd NFHY st AALL $AY¢Yo] dkg/em’dl A 10kg/em® &2 A5 el wat
AR o2 FFde FFE YR ok
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80% o9 T2 A7 AALEEL Uvhn Yo Fig 62 A ¥ AL&¥ NFY AFZ2 Boron
AAEE Yeblz gl
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NFe A EFE9 Boron AAEL Hegt AAEH vl A2 EHGo] Fodtel wa} Hay
2 A5t 4%E Ushiden, A%l 10kg/em®olA ok 98%9) At AALEE et

5
&

5402 TUF Z2ANAM < 43%9] Boron AAE&E Jelizm vk a2Y NFI0-2540
P Unia) 3% NFHEL ¢3¢0l 10kg/em’2 A5 = oF 10% ¢35+ Boron 7

< Jehdz o % "WHo] FYF FilmTecAts NFE AFE9 2|79l Boronol th§ o]
& o] 2 A &9 Aol Solute passage §¢ T LRI B4 71AT AoE AIEHT $2)
A¥AHNE Table 541 Aalstgch,

o de £ o
2
Jo
o

Table 5. NF%H& o} &% 83 49 23

NF Ay |Si02 AAE |Boron AAE k- Rt LMH
(kgi/cm®) (%) (%) (%) (L/m%hr)

7 262 18 14 46

6 5.8 35 49 162

NF-2540 8 387 44 78 5.4
10 852 6.2 166 45

4 865 131 15 46

6 90.7 279 53 162

NF90-2540 8 %8 36.3 83 5.4
10 98.4 425 142 392

4 139 2.2 44 138

6 29.1 35 113 346

NF270-2540 8 355 35 165 50.1
10 337 35 249 6.9

4 108 2.2 11 35

Oemonics 6 . 21 6.9
Smo 8 - 13 38 115
10 339 13 65 162
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NF=Hg o &8 @7 4823 NFHel 248 A¥el AH8" ZE NFT AFNAM vjmy kA
HQ Eosgn £& ojuiA&e B 10kg/em’T MdE Aol A nUd EF
NF90-2540<2 o 98%9] &< A7t AAEE Ytz YA Boron AAE HA| 425%2 wf¢
o WA NFI0-2540e SFPH d27tE AAsH A8 Aedod & NFHe| vl SFPe
et 358 Bk WE AZ el %E £ Ue Aoz BRHAD 19 U7 Boron TR
FEUH G B Fo] Bold Aoz oiEnt a2y NF270-25408 A& 729 oF 38%9] 4
Hoz v A7t AALR d3 AL F ¥ 2 Aol Wad Ao #dHY Borond
AAgo) 35%= WS R, BFEo) oF B%2 Eol NFI0-25409) Bl &) At SRl &
88 Aoz JdHY, 5 A TAFL Aoz HE Aez qEd 2y B 74
HQ F5A G 2AFR 288 ALY HRE JAAME JEAA F wE HAN =
EHolok 7t ® ez AR, EF FimTec A NFT AF9 718 #4480 15%UE& #et
3 NF270-25409] 3l5& oF 25%°l 227t € & A& Aoz B A waA SFPU
ALt AAE A = 28 FH AME Fo 2 NFI0-2540% NF270-2540& F1B woz M3
T F ANEAENY 4¥ TY FHAA A7 FHHooF By, =F FY] &4 54 AEE ut
gog ot ujd AAE T v5ude BT F SAANGE vHsq HAH Hg MAs =
Zeo] utga g Aoz wddn

4. 43 &

493t AFARE EYZ SFPY 4AAE AAsI g B % 2e) FHoz: NFY
g olg® % ¥a) BAl A% HRY Ao AVHMW, B A7) 488 NFY AF FolME
FilmTecAt] NF90-25403 NF270-25400] 713 #gstth aeiuh ole] tig #7454 44
59 27149 A7y Wy Hez Wy
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